In Iraq the problem of electricity shutdown in the main supply still exists and the cuts may last for hours. This shutdown causes problems in lectures and students experiments in the colleges because all electrical devices are off. PV system is a good alternative source to overcome such a problem; therefore a stand-alone photovoltaic power system is presented in this paper to supply department laboratories to ensure power continuity. A stand-alone PV system is presented to supply three laboratories selected as a case study, these laboratories belong to the electronic and communications engineering department, Al-Nahrain University, Baghdad. The loads for these laboratories were calculated based on what are exists already from electrical devices assuming that they were fully on during work time. The Pvsyst6 software package is used for simulation purposes in this work.
Introduction
The sun is an important source of alternative and clean energy since the energy density received from the sun about (1 kW/m 2 ) at sea level. The process of generating electricity by solar energy does not need fuel, the costs of maintenance of the solar system is low, produce no pollution and no noise. Iraq is located in Asia in the southwestern part surrounded by the north of Turkey, from the south of Saudi Arabia and Kuwait, from the east of Iran and from the west surrounded by Saudi Arabia, Syria 2 . The northern part of Iraq contains mountain ranges while the nature of the land in the southern and central part of it is flat so the atmosphere in central and southern Iraq is sunny most days of the year while in the north, the atmosphere is less clear. The middle and south area of Iraq can be considered as one of the world maximum solar radiation regions. The western Iraq desert has the highest solar electricity generation power among the others in the region, as the global mean of 170 W/m 2 , the yearly cumulative global radiation for Baghdad is (2160-7000) MJ/m 2 per year [1] . In Baghdad city the capital of Iraq the highest solar radiation received during June and July about (243 Wh/m 2 ) while the lowest solar radiation received in December about (79 Wh/m 2 ). Some studies such as AL-Riah et al. [2] analyzed the average monthly solar radiation for the period 1971-1985 in three main cities (Mosul, Baghdad and Nasiriyah), which are located in northern, central and southern of Iraq, respectively. The percentages numbers of solar radiation days were calculated for the purpose of evaluating the efficiency of solar systems in those cities. One of the most significant effects of the past 40 years in Iraq is the deterioration of the electrical grid and the lack of equipment. Until 2017, the Ministry of Electricity has been unable to equip citizens with electricity more than 12 hours a day in most parts of the country. This sharp imbalance between supply and demand in the processing of electric power caused the transfer of Iraqi citizens to rely on personal and shared generators working with diesel and gasoline [3] .
This dependence on generators caused a large consumption of fuel of poor quality, which caused a severe damage to the air quality and the Iraqi environment. The Iraqi citizen has begun to feel the environmental risks associated with pollutants from motor vehicles and generators [4, 5] . Reducing fossil fuel consumption is the biggest challenge that can be passed on by Iraq to the use of renewable energies in electricity generation [6] . Iraq has many renewable energies representing the most important solar energy and promising potential [7] . It is an available energy almost free of charge. Solar energy can be used to produce large amounts of electrical energy via solar concentrators or by using photoelectric cells. Iraq has a very distinguish location near the solar belt countries enables the country to receive a high quantity of solar radiation up to (6.5-7) kilowatt-hours/m 2 . Sun brightness ranges from 2,800 to 3,300 hours per year. The highest actual brightness of the sun is in June at 11.4 hours/day, and the lowest brightness in January by 6.3 hours / day [8] . Many investigations are carried out all over the world to study the design, operation, optimization and cost analysis of the stand-alone PV system for household electrification [9] [10] [11] . E. T. El Shenawy et al. [12] introduced the use of Solar (photovoltaic) energy to supply the electrical energy for a household of about 50 m 2 in a rural area situated in Shalateen (Egypt), the design and installation of the stand-alone photovoltaic system according to the daily electrical load for the house and the irradiation data related to the location were detailed. Guda, H. A and Aliyu U. O. presented in [13] the detailed design of a standalone photovoltaic power system for a typical residential building in Bauchi, Nigeria with medium energy consumption is selected. Saleh. U. A. et al introduced in [14] the design of a standalone photovoltaic system as a power source for an ozone monitor Laboratory at Anyigba, North Central, Nigeria, the solar radiation data were obtained from Tropospheric Data Acquisition Network (TRODAN) project for the chosen location.
Stand-alone PV system
The stand-alone PV solar system that used in the companies and homes consists of solar panels, metal structure, batteries, inverter, wires, meters, charge controller, and circuit breakers as shown in Figure 1 . These components are connected together at the work site. The battery comes in a strong, lightweight and corrosion-resistant cover to protect the harsh and severe weather conditions. This system provides an alternative source of energy in many cases and can be relied upon to provide clean, safe, and reliable energy.
The first step in the process of designing and sizing the stand-alone PV system is begin by knowing the monthly and annual solar radiation values for the site and the amount of energy to be provided. One of the main things in the design is the process of providing meteorological data (solar radiation and temperature) to the system site (Baghdad) in order to obtain the best design for the solar system. Table 1 shows the average monthly values of solar radiation on the city of Baghdad and it is clear that the solar radiation falling on it has very high values, especially in the summer. While Table 2 shows the minimum and maximum temperature in Iraq for year 2016. 
Electrical demand
The stand-alone pv system is designed to supply electrical power to three laboratories belong to the electronic and communications department / college of engineering / AlNahrain University in Baghdad. Figure 2 shows the location of these laboratories and the suggested position for the proposed stand-alone system is on the surface of the building containing these laboratories. Figure 2 .Department building and the suggested place for the PV system. Figure 3 provides the monthly mean sunshine hours for Baghdad city, it is clearly indicates that it has high sunshine hours all year long, reaching 350-360 h/month in the summer and 200-210 h/month in the winter. The PV system must be correctly oriented to receive the maximum radiation levels over the year. Table 3 illustrates the annually solar radiation with different tilt angles. It is obvious that the maximum annually solar radiation at tilt between 30° and 35°. This indicates that the yearly optimal tilt angle is approximately equal to the latitude of Baghdad (33.33°) [17] .
The electrical loads of the three laboratories include desktop computers, oscilloscopes, function generators, DC power supplies; different types of training kits, network and spectrum analyzers. The daily electrical demand for each device is shown in Table 4 . It is assumed that these electrical devices for each laboratory are fully on during the work time (from 8:30 am to 2:30 pm). Illuminations and airconditioning were removed from the account because the work time is during the day and to reduce the electrical load also. The average daily load demand can be calculated from Table 4 to be 100968 Wh/day. The best facing orientation panel is in south facing because the peak output power solar panel is maximum in south facing orientation since the sun path is proportionally perpendicular to solar panel [18] . However, a two axis solar radiation tracking algorithm is proposed by the author based on date and time for Baghdad city [19] . 
PV system design
The stand-alone PV system usually consists of the PV generator with the required mechanical structure, storage batteries, charge controller and DC-AC inverter, in addition to wiring cables to the required control and switching devices. The following subsections introduce the design of each component in the proposed system.
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PV Sizing
The solar panel contains a set of PV cells connected in series and parallel, the electrical energy produced by this panel are insufficient to handle medium and large loads of energy. For the purpose of obtaining the voltages required for loads, a set of solar cell panels should be connected in series while the panels are connected in parallel to achieve the required current. However, before starting to calculate the number of series and parallel solar cell panels the following information should be determined:
• The system dc voltage (V dc ).
• The average sun hours per day (T sh ).
• The average daily demand of energy in watt-hours (E d ).
The first step in calculating the number of solar panels begins by determining the average daily demand of energy (E d ) which is calculated by dividing the average daily demand by the product of efficiencies of all components in the system as given in equation (1) below [13] 
Where η b = battery efficiency η i = inverter efficiency η c = charge controller efficiency
The average peak power (P ave,peak ) is then obtained by dividing the required daily average energy demand by the average sun hours of the site per day (T sh ) as:
The system dc current (I dc ) is obtained by dividing the average peak power by the system dc voltage as:
The number of modules in series (N sm ) is then obtained by dividing the system dc voltage by the rated voltage of each module (V rm ) as:
The numbers of parallel number of module strings (N pm ) were obtained by dividing the total dc current of the system by the rated current of one module (I rm ) as:
The total number of modules (N tm ) that form the array is then finally determined by multiplying the number of modules in series by the number of parallel modules as in equation (6), thus giving the required array size.
However, table 5 presents the PV array sizing procedure summary for the case study in this paper (i.e. three laboratories). 
Battery Bank Sizing
Batteries used in solar systems must be of a deep cycle type, so it can be charged and discharged quickly for many times and for several years. Batteries must have high storage capacities to ensure that all loads are operated at night, rainy, and dusty days. To determine the required battery size, you must first determine the amount of estimated energy storage (E est ) required which is equal to the product of the daily average energy demand and the number of autonomy days (D aut ) as in below [13] .
A safe energy storage (E safe ) is then computed by dividing the obtained estimated energy storage by maximum allowable depth of discharge (D disch ) as given by:
The total capacity of the batteries bank used in amperehours (C tb ) is calculated by dividing the safe energy storage over the dc voltage given by one battery (V b ) as:
The total number of batteries (N tb ) can be calculated by dividing the total capacity of the batteries bank used in ampere-hours over the capacity of one battery in amperehours (C b ) as shown below:
The number of batteries in series (N sb ) can now be determined by dividing the system dc voltage by the rated dc voltage of one battery as:
The number of parallel battery strings (N pb ) can be calculated by dividing the total number of batteries (N tb ) over the series number of batteries as below:
Now Table 6 shows the battery bank sizing summary. Table 6 . Summary of battery bank sizing. 
Required Information Battery module: Rolls, 12-CS-11PS,
C b = 296 Ah, V b = 12 V, D disch = 80% Battery Efficiency (η b ) = 0
Charge Controller Sizing
The main function of the solar charge controller unit is to control the current values of the solar cells as well as the total current value of the load while ensuring that the voltages generated from the solar cells and load voltage are matched. The most important point in determining the capacity of the solar charge controller unit is its ability to withstand the total short circuit current of the array ( = × ) and a certain safe factor (F safe ). The safe factor is necessary in order to allow for a reasonable system expansion. Thus, the desired charge controller current (I cc ) is given by:
Where = the short circuit current of the selected module. Table 7 shows the charge controller sizing summery.
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System Simulation using Pvsyst6 Package
With simulation tools, as opposed to sizing tools, the user must specify the nature and size of each component. The tool then provides a detailed analysis of the behavior of the system. The accuracy of simulations in PVsyst, according to [20] , depends strongly on the input meteorological data and simulation parameters decided by the user. In this work for the modeling, analysis and optimization, Pvsyst6 software is used. The software takes load demand and solar energy data and; models PV, converters and batteries with different sizes to match the demand. The system modeled in this study for department laboratories consists of PV system as power source. Pvsyst integrates pre-feasibility, sizing and simulation support for PV system. After having defined the location and loads, the user selects the different components from a product database and the software automatically calculates the size of each component. The geographical location of the PV system using Google Earth (ground-level view) for the electronic and communications engineering department at Al-Nahrain University is listed in Table 8 . As mentioned previously the stand-alone PV system is located on the surface of the department building as shown in Figure 2 . The meteorological data were taken from the available NASA-SEE databases in the PVsyst since there are no meteorological stations in Baghdad. In the Albedo -settings tab the Albedo values are selected as 0.3 for concrete surface. Selected parameters for tilt and azimuth angles for the system are listed in Table 9 . Figure 4 shows the optimization of the plane tilt and orientation implemented in PVsyst. South is 0 o according to figure 4 , which is the definition of the azimuth angles in PVsyst. The PV modules selected for this study is a Canadian Solar Inc. (CX6S-320P) 320W, 31V poly-silicon, while the battery set selected is Rolls, 12-CS-11PS, 12V, 296Ah. However, table 10 shows selected parts from the final report given by the PVsyst simulation program. The solar path horizon at Baghdad city is shown in figure 5 . Figures 6 and 7 gives the results of the simulations for daily generated power and normalized productions respectively. 
EAI Endorsed Transactions on
Energy Web Online First Table 10 Simulation results for the proposed PV system. Figure 6 . Daily generated power. Figure 7 . Normalized productions.
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Design and Simulation of Stand-alone PV System for Electronic and Communications Engineering Department Laboratories in Al-Nahrain University However, some websites can give you a preliminary design according to the required kWh/day you need, one of these websites is https://www.altestore.com. By using the off-grid calculator of this site with required daily electrical energy (E L ) of 100968 kWh/day, 320W solar panel, 2.5 cloudy days, and 6 average sun-hours the calculator gives you 69 panels.
Economic Analysis
The most valuable statistical evaluation tool for the economic behaviour of energy systems is life cycle cost (LC C ) analysis. In renewable energy systems, it covers all system life stages; capital cost and initialization stage, operation & maintenance stage and the replacement stage [21] . The initial capital cost of any system is the cost required for purchasing all system components; this includes PV arrays, storage system, charge controller, inverter and installation (including wiring and other auxiliaries).
Operation and maintenance costs (OM C ) include annual periodic expenses for system management, regular maintenance and site supervision. For continuous operation and to ensure efficient system performance, some parts of the system must be replaced periodically. Storage batteries in any PV system need to be replaced every 5-10 years according to the battery type and the operating conditions. In life cycle analysis, the analysis must be carried out according to the longest life component of all system parts. The optimum life cycle of the PV modules used is around 25 years, whereas the life cycle of the storage batteries can run up to 10 years. Given a maximum life cycle of 25 years, the batteries will need to be replaced every 10 years. For future estimations, two important parameters must be considered; the inflation rate and the discount rate. Inflation rate represents the escalation trend in the costs over the all system life, while the discount rate represents the decrease in the components cost with future mass production. The PV module costs (PV C ) is $400, while the storage batteries cost (B C ) is $1000. The inverter (Inv C ) and charge controller (C C ) costs $2000 for each one. For the PV arrays life cycle of 25 years and the 10 years battery life, the installation cost (I C ) is 10% of the PV cost while the annual (OM C ) cost is 2% of the PV initial cost. Given an inflation rate (i) of 4% and discount rate (d) of 8%, the system life cycle cost and the unit electrical cost can be estimated.
The annual (OM C ) costs can be calculated depending on the system capital cost taking into consideration the inflation and discount rates, as follows [12] 
Since the battery life is considered 10 years, it must be replaced twice in the system's lifetime. The battery replacement costs are calculated for first time after 10 years and for second replacement after 20 years as follows [12, 22] ;
The system's life cycle cost can be calculated by adding the PV, battery, battery replacements, inverter, controller, installation, operation and maintenance costs [12] .
The annual life cycle cost (ALC C ) can be estimated as follows [22] ;
The unit electrical cost (U C ) in $/kWh can be estimated from the annual life cycle cost and the annual energy generated by the PV system [23] ;
Where E L is the daily required electrical energy for the household, kWh/day. According to the above methodology, table 11 summarizes the cost analysis of the PV system, the costs of Cables, Design, Metering and Control Devices are lamped together as 10% of equipment cost. All the previous analysis assumed that the 3 laboratories are fully on for 6 hours 5 days in the week. This hypothesis does not represent the actual laboratories classes during the week. In some days, there may be two or one laboratory classes or may not exist. Therefore, the proposed design can be changed according to the actual holdings of laboratories classes. A future work planned to reduce the size, cost and the used energy cost by appropriate distribution of the laboratories classes on the week.
Conclusions
The electricity generation in Iraq has a setback since 1991 due to wave of destruction of major generating stations, while in 2003 another major disruption and sabotage have started with further shortages of electrical power supply. The shortages cause daily blackout maintained for more than 18-8 h minimum. Iraq can benefit from large solar potentials by using its various applications. The study reviewed scientific research in the field of solar energy application in Iraq found that its field is wide and its potential is great in Iraq. In this work, a 21.12 kWp standalone photovoltaic system was suggested to supply three laboratories in the college of engineering in Baghdad city to supply the loads during the work time (from 8:30 am to 2:30 pm). The calculations of the proposed PV system were compared with the simulated results obtained from the PVsyst6 simulation package using the data obtained from NASA-SEE databases Satellites observations for Baghdad. Fairly good agreement between calculated and simulated values suggests that the model can be employed to supply these laboratories. The economic analysis shows that the used energy cost $0.38/kWh which is small cost as compared to other alternatives such as diesel generator. The power calculation of 100kW diesel generator run 6 hours 5 days in the week using https://power-calculation.com website shows that the used energy cost $0.48/kWh. The PVsyst simulation shows that the proposed PV system saved 646.940 tons in CO 2 emissions during 25 years.
